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SUMMARY 
Tertiary treatment is often necessary to effectively remove 
color from textile dyehouse wastewaters. Adsorption with activated 
carbon is an economically feasible method of tertiary treatment, and 
it has already been applied to the treatment of some dyehouse wastes. 
The variable nature of dyehouse wastes causes the effectiveness of the 
carbon in treating these wastes to vary. 
The purpose of this work was to evaluate the effects of varia-
tions in dye molecular structure, temperature, and pH on the adsorp-
tion of dyes with anthraquinone structures from water by activated 
carbon. The effects of the presence of an inorganic electrolyte and 
of a surfactant in solution on the adsorption of dye from water was 
also examined. 
It was concluded that the addition of a second sulfonic acid 
group to a monosulfonated anthraquinone dye decreased the equilibrium 
adsorption of the dye from water. Increased temperature increased the 
rate of adsorption, and in one case, the equilibrium adsorption of 
dye. A decrease in pH increased the equilibrium adsorption of anthra-
quinone dyes with sulfonic acid groups. The presence of a large con-
centration of sodium sulfate in solution increased the equilibrium 
adsorption of sulfonated anthraquinone dyes, and the presence of an 
anionic surfactant decreased the adsorption of these dyes. 
CHAPTER I 
INTRODUCTION 
Statement of the Problem 
It has been estimated that ten million pounds of dyestuffs are 
discharged annually in the wastewaters of textile dyeing operations (1). 
The highly colored nature of these wastes makes them particularly objec-
tionable pollutants of rivers and streams. The portion of these waste-
waters which receives some treatment for the removal of pollutants 
before being expelled into natural bodies of water is usually subjected 
to a biological treatment (2). However, some types of dye have been 
shown to be resistant to biological degradation. Among these resistant 
types are the dyes whose chemical structures are modifications of the 
anthraquinone structure (3). Even the dyes which are degraded may 
yield degradation products which are more harmful to the environment 
than the dyes themselves (4). New dyes are constantly being developed 
with improved resistance to degradation when in textile products, and 
consequently, they are move resistant to biological treatment in waste-
waters. Wastewater treatment processes which remove these dyes from 
solution rather than attempt to degrade them in solution are needed. 
Adsorption of dye wastes on activated carbon has been shown to 
be effective and low in cost compared to most other methods for tertiary 
waste treatment (1). Several operations involving activated carbon for 
the removal of dyes from the wastewater of dyeing plants have already 
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been placed into service (4,5). 
Water from typical dyeing operations contains many materials in 
addition to dye. Suspended solids, dyeing auxiliaries and assistants, 
salts, acids and alkalies, softeners, water repellants, and detergents 
or soaps may be present along with other impurities (6). The presence 
of these additives as well as variations in temperature and pH of 
textile dye wastewaters may affect the rate and capacity for the adsorp-
tion of a particular dye by activated charcoal. The structural varia-
tions between molecules of different dyes would also be a factor in the 
amount of color removed from solution by an activated carbon. The 
composition and character of dye wastes are varied. There is a scar-
city of information about removing color from particular types of dye 
wastes, and this is a handicap to companies trying to find solutions 
to dye waste problems (2). 
The purpose of this work is to provide additional information on 
the effect of the chemical structure of the dye, pH variation, temper-
ature variation, and the presence of some chemicals typical of those 
found in dyeing and finishing operations on the equilibrium adsorption 
of color from solution onto an activated carbon designed and manufac-
tured for the removal of colored materials from solution. The dyes 
under consideration are members of the biologically resistant anthra-
quinone family, and the particular variation in chemical structure 
examined will be a variation in the number of sulfonic acid groups on 
the same basic dye structure. It is expected that this work will be 
of benefit to those who are concerned with particular types of dye 
wastes. 
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Review of the Literature 
Work with Dyes 
Dyes have frequently been used in studies on adsorption by acti-
vated charcoal. Their concentrations in solution can be determined 
colorimetrically and the amounts adsorbed from solution easily calcu-
lated. Freundlich and Losev (7) examined the adsorption of dyes from 
solution onto activated carbon and found that an equilibrium was estab-
lished which could be accurately represented by the equation: 
X/M = ACX/P 
In this equation X/M represents the amount of dye adsorbed at equilib-
rium per unit weight of carbon. C is the concentration of dye in 
solution which is in equilibrium with the dye on the carbon. A and 1/p 
are constants which may be obtained from a full logarithmic plot of X/M 
versus C. The Langmuir and Brunauer-Emmett-Teller equations are also 
used to describe adsorption equilibrium states, but the Freundlich 
equation is often found satisfactory in describing adsorption equilib-
ria in solution, and it is frequently used (8). 
Effect of Molecular Structure and Chemical Groups. Knecht (9) 
examined the adsorption of Crystal Scarlet (Color Index Number 16250), 
a disulfonated acid dye, and Methylene Blue (CI 52015), a basic dye 
whose structure and chemically active groups are markedly different 
from Crystal Scarlet, on activated carbon which had been treated to 
reduce the nitrogen content. This reduction in nirogen content reduced 
the adsorption of Crystal Scarlet but had little effect on the Methylene 
Blue adsorption. Knecht concluded that dyes with different structures 
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and chemically active groups are adsorbed by different mechanisms and 
in different amounts by activated carbon. 
Rohland (10) studied the adsorption of eight dyes on animal char-
coal. The dyes varied widely in chemical structure but one trend was 
evident-dyes containing basic groups were generally adsorbed more rap-
idly than dyes whose chemistry was dominated by sulfonic or carboxylic 
acid groups in the dye molecule. Pore size distribution in the carbon 
and the variation in molecular size of dyes could have been a factor 
in determining the order of adsorption in some cases. 
Graham (11) has done work on the adsorption of Methylene Blue 
and Metanil Yellow (CI 13065) by six different activated carbons. Al-
though similar in molecular size, Methylene Blue is basic in character, 
while Metanil Yellow contains a sulfonic acid group. Graham concluded 
that acidic groups on the carbon surfaces which give a net negative 
charge to the carbon surface in solution hamper the adsorption of 
Metanil Yellow relative to Methylene Blue. Molecular size was not a 
major factor since the two molecules are similar in size. 
Rodman (2) described work in which aqueous solutions of dyes of 
four types were subjected to treatment in granulated activated carbon 
columns. Direct Blue 106 (CI 51300), Acid Black 26A (CI 27075), 
Reactive Red 3, and Disperse Blue 3 (CI 61505) were the dyes used. Each 
dye was examined in solution with chemicals commonly used in conjunction 
with its application to textile materials. At constant temperature and 
flow rate the amount of color remaining in the effluent from the columns 
was measured at regular time intervals. The results obtained indicated 
something of the rate and equilibrium adsorption for the four dyes. 
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Disperse Blue 3, which has an anthraquinone structure with no groups 
strongly polar enough to give the dye more than an extremely small solu-
bility in water, was poorly adsorbed by the carbon. It was conjectured 
that only the small amount of the dye which was in solution was ad-
sorbed onto the carbon, and that the majority of the dye which was in 
suspension was not adsorbed. The direct and acid dyes which each con-
tained two sulfonic acid groups and were of roughly the same molecular 
size showed a similar degree of adsorption which was considerably 
greater than that of the disperse dye. The reactive dye was adsorbed 
to the greatest extent but its exact structure was not known. 
The Effect of pH. The effects of pH variation on adsorption of 
dyes by activated charcoal have been reported by several investigators. 
Yajnik et al. (12) observed that the basic dyes Methylene Blue and 
Bismarck Brown (CI 21000 or 21010) were adsorbed less as the pH was 
lowered, and that Water Blue (CI 42755) which contains three sulfonic 
acid groups was adsorbed to a greater extent with a lowering of pH. 
Sastri (13) reported that Methylene Blue was adsorbed in lowest amount 
from a solution with a pH in the isoelectric zone for Methylene Blue 
(pH 3.75 - 3.97). Grollman's investigations (14) of the adsorption of 
a disulfonated direct dye called Phenol Red (CI 27680) on blood char-
coal indicate that adsorption gradually decreases from pH 1.5 to pH 6, 
and then rapidly drops between pH 6 and pH 10. The work of Miller and 
Bartell (15) on the adsorption of the basic dyes Methylene Blue and 
Crystal Violet (CI 42555) and the acid dye Eosin (CI 45380) which has 
a carboxylic acid group revealed that these dyes were adsorbed to a 
certain extent by hydrolytic means in which the basic dyes were con-
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verted to the free base and the acid dye to a free acid in the adsorp-
tion process. pH changes which promote the conversion to free bases 
or acids would promote adsorption. Doss and Singh (16) report the ad-
sorption of Thymol Blue, a dye with at least one sulfonic acid group, 
decreases as the pH is raised from 1.2 to 10.0. 
Effect of Strong Inorganic Electrolytes. The effect of electro-
lytes on the adsorption of dyes has been investigated. Hassler (17) 
examines work done on Methylene Blue, Crystal Violet (CI 42555), and 
Auramine (CI 41000) in solution with various inorganic salts. The pres-
ence of salt increased adsorption. The salts containing sulfate or 
chloride anions were consistently the most effective in promoting in-
creased adsorption of dye. Pincussen (18) did work on the adsorption 
of Methylene Blue from solutions containing inorganic salts. The ad-
sorption of Methylene Blue was increased by the presence of sodium 
chloride for each of the four carbons tested. Sodium sulfate gave an 
increase in adsorption of dye on two of the carbons and a decrease on 
the other two. 
Effect of Temperature. The temperature effect on adsorption 
from water by activated carbon of a series of dyes encompassing several 
acid and basic dyes of various structures was observed by Rossi and 
Basini (19). An increase in temperature caused an increase in the 
amounts of dyes adsorbed, with different dyes showing different magni-
tudes of increase. Siegrist and Pelet-Jolivet (20) reported that ad-
sorption on charcoal was increased with increased temperature for 
solutions of Methylene Blue and Crystal Ponceau (CI 16250) which is a 
trisulfonated acid dye. Hassler (17) reports that basic dyes Methylene 
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Blue and Malachite Green (CI 42000) are adsorbed more from solutions on 
o o , 
each of three activated charcoals at 80 C than at 20 C. An anthraqumone 
dye with a sulfonic acid group, Alizarin Red (CI 58005), showed increased 
adsorption at the higher temperature for two of the carbons and de-
creased adsorption at 80 C for the third. 
Effects of Solvent. The effects of different solvents on the 
adsorption equilibria of dyes on activated carbon is of interest, since 
two different solvents are used in this work. Hassler and McMinn (21) 
examined the adsorption of Methylene Blue, Malachite Green, and 
Alizarin Red from water and from ethanol onto activated carbon. All of 
the dyes were adsorbed less from alcohol and it is suggested that the 
affinity of carbon for alcohol is greater than that of carbon for water. 
The result is that more solvent is adsorbed when alcohol is the solvent. 
Also, the attractive forces between solute and solvent are altered by 
changing the solvent, and this affects adsorption. The relative order 
of the magnitudes in which the three dyes are adsorbed from water and 
ethanol differs, showing that the solvent has considerable effect on 
the mechanism of adsorption from solution. 
Work on Substances Other than Dyes 
No work was found in the literature which deals with the effect 
of other adsorbable organic compounds in a dye solution on the adsorp-
tion of dye. Works were found describing the competition between two 
different organic substances for adsorption onto activated carbon from 
the same solution. Weber and Morris (22) report that solutions con-
taining sodium (2 - dodecyl)benzenesulfonate and phenol in water show 
a decrease in both rate and equilibrium adsorption for each compound 
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compared to that for either compound alone in aqueous solution. How-
ever, at equilibrium the carbon absorbs more material from the solution 
with mixed solutes than it does from solutions containing either one of 
the components singly. Goddard and Cooper (23) examined the adsorption 
of several benzoic acid derivatives from solution onto activated carbon. 
The presence of formamide or 1, 4-dioxane in solution with the benzoic 
acids decreased the amount of acid adsorbed in every case. 
General Observations 
Several authors have made general observations on the influence 
of solute molecular structure, pH, temperature, and electrolyte content 
on the adsorption by activated carbon from solution. 
Effect of Structure and Chemical Groups. Hassler (17) has 
stated that specific groups on an adsorbed molecule influence the ori-
entation of that molecule on the carbon surface, and therefore, the 
number of molecules which may be adsorbed on the surface. He states 
that the introduction of a sulfonic acid group usually decreases the 
adsorbability of that molecule from aqueous solution and that the intro-
duction of a second identical group often enhances the action of the 
first. Increased solubility of the solute, reflecting a greater affin-
ity between the solvent and solute, may be the main cause of this re-
duced adsorption. 
Effect of pH. Porter (24) states that pH may affect the adsorp-
tion of solutes by altering the ionic charge on a solute and by chang-
ing the carbon surface. Hassler (17) reports that adsorption from 
aqueous solution is usually increased by conditions which reduce the 
ionization of a solute. This can affect both the rate and equilibrium 
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capacity, and would mean that salts in which the acid component is the 
adsorbable portion would show increased adsorption from a medium of low 
pH. The reverse would be true with a salt in which the base was the 
adsorbable portion. Hassler also states that the effects of pH on the 
carbon are small compared to the effects on the solute. Getzen and 
Ward (25) report that generally the adsorption by activated carbon of 
weak electrolytes from aqueous solution takes place in such a way that 
the undissociated molecule is preferred rather than the ionized form, 
and that pH versus adsorption curves generally parallel dissociation 
curves for a weak electrolyte. 
Effect of Temperature. Increased temperature decreases the vis-
cosity of a solution, steps up diffusion of a solute into a carbon par-
ticle, and aids in the removal of preadsorbed gases from the carbon (17). 
The result is a more rapid rate of adsorption. Temperature increases 
may affect the equilibrium adsorption but it is difficult to predict 
the magnitude or direction of the effect. In cases where Van der Waal's 
forces are the only mode of adsorption, the temperature increase gener-
ally decreases the equilibrium capacity of carbon. In cases where ad-
sorption forces are due to a chemical interaction between carbon and 
solute stronger than Van der Waal's forces, the temperature effect is 
difficult to predict. Higher temperatures may initiate bonding of an 
order higher than Van der Waal's forces. 
Effect of Strong Inorganic Electrolytes. The influence of salt 
on adsorption is specific depending on the relation between the chem-
ical natures of the salt and the substance to be adsorbed (17) . Usually 
a strong inorganic electrolyte will not compete with other solutes for 
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adsorption onto activated carbon (17) . Electrolytes may serve to neu-
tralize the charge built up on the carbon when an ionic solute is ad-
sorbed onto the carbon, and in this manner increase adsorption rate and 
equilibrium capacity (24). 
Summary 
From this survey of the literature it is obvious that the ad-
sorption of dyes from solution by activated carbon has been extensively 
examined. The effects on adsorption of various chemically active 
groups on the dye molecule can be observed from the literature. However, 
the specific effects of these groups have frequently been masked by 
variations in other aspects of molecular structure and variations in the 
molecular size of dyes used to compare the effects of different chemi-
cally active groups. The information on the effect of pH variation on 
adsorption makes the direction of the effect predictable, but not the 
magnitude. For the dyes reviewed in this literature survey, a rise in 
temperature is generally seen to increase adsorption but not in all 
cases. The salt effect is specific for the particular system. No work 
has been found which measures the effect of other organic substances in 
a dye solution on the adsorption of dye. Little work has been found to 
concentrate on the biologically resistant anthraquinone dyes, since only 
two of the dyes mentioned in the literature surveyed were of this type. 
The intent of this work is to provide further knowledge about the 
effects of certain variables on the absorption of dyes with a particular 
basic structure which have been shown to be resistant to biological 
attack. Effects of the addition of sulfonic acid groups to almost iden-
tical anthraquinone type structures will give a clear indication of the 
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effects of these groups without consideration of variance in basic dye 
structure or wide variations in molecular size. The magnitude of pH 
effects on adsorption for this little studied class of dyes will be 
measured, as well as the particular effects of salt and temperature on 
the adsorption. The effect of a second organic substance in solution 
should be of interest, since no work has been found on this subject in 
relation to dyes. 
Perhaps this work will provide useful information to those work-
ing on specific dye waste control problems. 
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CHAPTER II 
INSTRUMENTATION, EQUIPMENT, AND CHEMICALS 
The constant temperature bath used in this work consisted of a 
glass tank filled with polyethylene glycol. Temperature control was 
achieved by the use of a Fisher Unitized Bath Control which included a 
heater and thermoregulator. Temperature was monitored by means of a 
thermometer whose calibration had been checked in an ice water bath. 
A constant source of heat was provided by a 750 watt flexible immersion 
heater regulated with a 120 volt Staco Variable Autotransformer (type 
2PF1010). A copper coil connected to a cold water source was placed in 
the bath to facilitate cooling of the bath. A Palo-Myers 110 volt 
stirrer was used to insure a uniform temperature throughout the bath. 
The bath temperature was controlled to + 0.2 C. 
Flasks containing test solutions were agitated in the bath by 
means of a Burrell Wrist Action Shaker. 
Filtration of dye solutions was accomplished using two Gelman 
filtering devices attached in series to a vacuum flask and vacuum line. 
Gelman glass fiber filters (type A, 47 millimeters in diameter) were 
used in the filtering devices. 
Dye solutions were analyzed using a Beckman Model DB-6 Grating 
Spectrophotometer equipped with scanner, ten inch recorder, and one 
centimeter silica cells. 
All weighings were made on a Mettler H6T analytical balance. The 
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pH readings were made on a Coming Model 10 pH meter. 
Reagent grade anhydrous sodium carbonate, sulfuric acid, xylene, 
methanol, and N,N-dimethyl formamide were obtained from the Fisher 
Scientific Company. The reagent grade pentane used in dye purifications 
was obtained from the Matheson Coleman and Bell Company. Reagent grade 
anhydrous sodium sulfate and monohydrated sodium phosphate were ob-
tained from the J. T. Baker Chemical Company. The anhydrous disodium 
phosphate was obtained from the Monsanto Chemical Company. The sur-
factant, Igepon T, which contained 28 percent by weight of the active 
ingredient sodium N-methyl N-oleoyl taurate was supplied by the General 
Aniline and Film Company. 
Water for use in this work was distilled in an all glass still. 
The dyes, Disperse Blue 9 and Acid Blue 25 were obtained from 
Geigy Dyestuffs Company. Commercial names for these dyes are Cibacete 
Blue RAF and Erio Fast Blue GRL respectively. The dye, Acid Blue 145, 
was supplied as Anthraquinone Blue 3G by the E. I. DuPont de Nemours 
Company. The molecular structures of the dyes are shown in Figure 1. 
Granular activated carbon, Nuchar WV-L, was supplied by Westvaco. 
Data on the carbon may be found in Appendix A. The granular form of 
carbon was used in preference to the powdered form because of ease of 
handling and filtration. 
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Analysis of Dye Solutions 
The relationship between absorbance and concentration was studied 
for the dyes in the various types of solutions which were to be used in 
adsorption experiments, so that the concentrations of solutions after 
contact with carbon could be calculated. Solutions of known dye con-
centration were prepared and examined spectrophotometrically. The 
reference cell of the spectrophotometer contained a solution identical 
to that in which the dye was dissolved, so that any effect of added 
chemicals other than dyes on the absorbance was negated. Absorbances 
between the wavelengths of 700 and 400 nanometers were recorded. The 
maximum absorbance peak between these wavelengths was selected for each 
case and the absorbance values at this maximum for each solution were 
plotted against the concentration of dye in solution to obtain the 
calibration curve for the particular dye in the solution under consid-
eration. 
The commercial or impure forms of Acid Blue 25 and Acid Blue 145 
were examined in solutions of distilled water and in solutions of 
methanol and water which contained 750 milliliters of methanol per liter 
of solution (75/25 methanol/water). 
The absorbance-concentration relation was also examined for each 
of the impure acid dyes in distilled water solutions containing various 
16 
added chemicals in concentrations which were to be used in adsorption 
experiments. Dilutions of stock solutions of dyes containing added 
chemicals were made with solutions containing the proper amount of these 
added chemicals to insure that the concentrations of added chemicals 
remained constant as the concentration of dye varied. Calibrations 
were made for each of the acid dyes in aqueous solution containing a 
buffer of 0.5 g/1 monohydrated sodium phosphate and 0.5 g/1 disodium 
phosphate. Similarly, calibration curves were obtained for each of the 
acid dyes in aqueous solutions containing 0.5 g/1 sulfuric acid, solu-
tions with 1.0 g/1 anhydrous sodium carbonate, and solutions with 5.0 
g/1 anhydrous sodium sulfate. 
When samples of each of the acid dyes were purified, absorbance-
concentration relations were plotted for their solutions in distilled 
water. 
In all of the calibration experiments an attempt was made to 
perform dilutions of a stock solution of dye so that at least five 
different concentrations gave absorbance values in the range between 
zero and one. All solutions were examined at room temperature. 
General Procedures 
Standard procedures were developed for experiments involving the 
adsorption of dye from solution and the analysis of the final dye con-
centrations and amounts of dye adsorbed onto carbon. In each case 100 
milliliters of dye solution of known concentration were placed in a 
250 milliliter volumetric flask. One gram of granulated activated 
carbon was placed in the flask and the flask was stoppered. Flasks 
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were attached to the shaker and placed in the constant temperature bath. 
The elevation of flasks in the bath and the frequency of oscillation of 
the shaker were carefully controlled in all tests, so that all flasks 
received the same degree of agitation. 
After predetermined times of contact, the flasks were removed 
from the bath and filtered using the Gelman filtering apparatus in order 
to remove carbon particles from solution. The filtered solutions were 
then diluted with the proper solvent to a point at which the solution 
could be examined on the spectrophotometer. The spectum of the diluted 
solution was recorded from 700 to 400 nm. 
Before the absorbance at the wavelength of the maximum peak could 
be used with reference to the proper absorbance-concentration cali-
bration curve to obtain the concentration of the diluted dye solution, 
a correction had to be made. The carbon was not completely removed by 
filtering, and thus, contributed to the absorbance values of dye solu-
tions despite the multiple filtration procedure. The amount of error 
caused by the carbon varied depending on the solution and amount of 
dilution before analysis. A method was developed to correct the ab-
sorbance values for the contribution by carbon. The method involved 
the comparison of absorbance spectra of dye solutions treated with 
carbon to those of solutions which had not been in contact with carbon. 
The method is explained in Appendix B. 
After the maximum absorbance values were corrected for carbon 
contribution, the proper absorbance-concentration calibration curve for 
the dye and solution under investigation was used to determine the con-
centration of the diluted solution. This concentration was multiplied 
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by the dilution factor to obtain the final dye concentration after con-
tact with carbon. From this final concentration and the known original 
concentration and volume of solution, the amount of dye adsorbed per 
gram of carbon was easily calculated. 
Rate Studies 
Experiments which reflect the rate of adsorption of the dyes 
from solution onto carbon were conducted in order to determine a time 
of contact between carbon and dye solution which would result in con-
ditions approximating those at equilibrium. In these rate studies 5.0 
g/1 solutions of the dye were treated with carbon according to the 
general procedure. The times of contact of solution with carbon were 
varied and in some cases the effect of temperature was examined. 
Tests on impure Acid Blue 25 in distilled water, on impure Acid 
Blue 145 in distilled water, and on impure Disperse Blue 9 in 75/25 
methanol/water included contact times of up to 252.3 hours at 25 C and 
up to 7 5 hours at 50 C. Tests on Disperse Blue 9 in distilled water 
included contact times of up to 75 hours at 25 C. After completion of 
the contact times, solutions were analyzed and the relation between the 
amount of dye adsorbed and time of contact was plotted. 
The general procedure was slightly modified for Disperse Blue 9 
in water. This dye is only slightly soluble in water at the temperatures 
used and is mainly held in suspension by a dispersing agent present in 
the commercial dye. In order to avoid loss of dye on the filter paper 
during filtration, the dye in water was diluted with methanol and 75/25 
methanol/water before filtration. 
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The results of these rate studies were instrumental in deter-
mining reasonable times of contact between dye solutions and carbon, so 
that conditions approximating equilibrium could be established. 
Establishment of Isotherms 
After contact times yielding approximate equilibrium conditions 
were established, the effects of varying dye molecular structure, tem-
perature, pH, salt content, surfactant content, and solvent were stud-
ied. Approximate equilibrium isotherms were obtained under varying 
conditions and these isotherms were compared in order to make judgments 
on the effects of certain factors on dye adsorption. 
The general procedures governing the handling of dye solutions 
in contact with carbon and the analysis of solutions after carbon con-
tact were followed. 
Variations in Dye Molecular Structure 
The effects of variation in dye structure on adsorption were 
examined by determining and comparing adsorption isotherms for the three 
dyes. 
Stock solutions of all three dyes in distilled water were pre-
pared containing 5.0 g/1 of impure dye. Solutions of Acid Blue 25 were 
prepared from the stock solution which encompassed six different initial 
concentrations (5.0, 4.5, 4.0, 3.5, 3.0, and 2.5 g/1), and these samples 
were contacted with carbon for 50 hours at 25 C. Solutions of Acid 
Blue 145 and of Disperse Blue 9, each with six different initial con-
centrations ranging from 5.0 to 2.0 g/1, were run for 50 hours at 25°C. 
The same modification of the general procedure was used with Disperse 
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Blue 9 in water as in the rate study. 
Although the main concern of this work is adsorption from water, 
it was thought that examination of the dyes in 75/25 methanol/water 
might yield information on specific effects of dye structure on ad-
sorption. Stock solutions of all three dyes containing 5.0 g/1 of im-
pure dye were prepared in 75/25 methanol/water. Solutions of Acid Blue 
25 were prepared containing eight different concentrations of dye (5.0, 
4.5, 4.0, 3.5, 3.0, 2.7, 2.5, and 2.4 g/1), and they were run from 50 
hours with carbon at 25 C. Six solutions of Acid Blue 145 were pre-
pared (5.0, 4.5, 4.0, 3.5, 3.0, and 2.5 g/1), and run for 50 hours at 
25 C. Six Disperse Blue 9 solutions in alcohol/water (5.0, 4.5, 4.0, 3.5, 
3.0, and 2.5 g/1) were run for 25 hours at 25 C. 
When purified samples of Acid Blue 25 and Acid Blue 145 had been 
secured, stock solutions in distilled water were made. Three concen-
trations of Acid Blue 25 (2.50, 1.63, and 1.25 g/1) were run with carbon 
for 50 hours at 25 C. Purified Acid Blue 145 solutions (1.8, 1.6, and 
1.5 g/1) were also run for 50 hours at 25 C. 
Temperature Effects 
Distilled water solutions of impure Acid Blue 25 and impure Acid 
Blue 145 were contacted with carbon for 50 hours at 50 C, and 75/25 
methanol/water solutions of impure Disperse Blue 9 were contacted with 
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carbon for 25 hours at 50 C in order to examine the effects of elevated 
temperature on adsorption. Eight samples of Acid Blue 25 were examined 
(5.0, 4.5, 4.0, 3.5, 3.0, 2.5, 2.0, and 1.5 g/1). Seven samples of 
Acid Blue 145 were run (5.0, 4.5, 4.0, 3.5, 3.0, 2.5, and 2.0 g/1). 
Six samples of Disperse Blue 9 were studied (5,0, 4.5, 4.0, 3.5, 3.0, 
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and 2.5 g/1). 




The effects of pH variation on adsorption were studied using the 
impure forms of Acid Blue 25 and Acid Blue 145 in distilled water. 
Three different pH levels (acidic, nearly neutral, and basic) were cho-
sen for each dye. In every pH effect test the contact time was 50 
hours and the temperature was 25 C. Measurements of the pH of these 
solutions were made. 
A low pH was obtained by incorporating 0.5 g/1 of sulfuric acid 
into the 5.0 g/1 stock solutions of the dyes in water. A 0.5 g/1 aque-
ous solution of sulfuric acid was used in all dilutions of the dye solu-
tions and as a reference when the solutions were analyzed spectrophotom-
etrically. Six dye concentrations were run for each dye (5.0, 4.5, 4.0, 
3.5, 3.0, and 2.5 g/1). 
A pH near seven was achieved by adding 0.5 g/1 monohydrated so-
dium phosphate and 0.5 g/1 anhydrous disodium phosphate to the 5.0 g/1 
stock solutions of the dyes. All dilutions were made with an aqueous 
solution containing 0.5 g/1 of each of the buffer components. This 
solution was also used in the reference cell. Again, six concentrations 
of each of the dyes were examined (5.0, 4.5, 4.0, 3.5, 3.0, and 2.5 g/1). 
A high pH was maintained by adding 1.0 g/1 of anhydrous sodium 
carbonate to the 5.0 g/1 stock dye solutions. A solution of 1.0 g/1 
sodium carbonate in water was used in all dilutions and in the reference 
cell of the spectrophotometer. Six concentrations of each dye were con-
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tacted with carbon (5.0, 4.5, 4.0, 3.5, 3.0, and 2.5 g/1). 
Electrolyte Effect 
The effect of a large concentration of inorganic electrolyte on 
the adsorption of both acid dyes was examined. 
Stock solutions of impure Acid Blue 25 and impure Acid Blue 145 
were prepared in distilled water which included 5.0 g/1 anhydrous sodium 
sulfate. A 5.0 g/1 solution of the salt was used in all dilutions and 
in the reference cell of the spectrophotometer. Six different concen-
trations of each dye (5.0, 4.5, 4.0, 3.5, 3.0, and 2.5 g/1 were con-
tacted with carbon for 50 hours at 25 C. 
Surfactant Effect 
The effect of the presence of Igepon T in water solution with 
impure Acid Blue 145 on the adsorption of the dye was determined. Two 
sets of dye solutions in water, each containing a sample with 5.0, 4.0, 
and 2.5 g/1 of dye, were run with surfactant and carbon. In the first 
set each solution contained 1.0 g/1 of the active ingredient of Igepon 
T. In the second set 2.0 g/1 of the active ingredient were included. 
Samples were run with carbon for 50 hours at 25 C. 
The reference cell of the spectrophotometer was filled with dis-
tilled water during the analysis of these solutions after contact with 
carbon. 
A 100 g/1 solution of the Igepon T in water was analyzed spec-
trophotometrically in order to help assess the contribution of the sur-
factant to the absorbance values of the dye solution. Its spectrum 
from 700 to 400 nm was established. 
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Solvent Effect 
The effect of differing solvents on the adsorption of dye by 
carbon was studied by comparing the isotherms of the dyes in distilled 
water with those in 75/25 methanol/water. 
Determination of Purities of Dyes 
In order to compare the adsorption of the different dyes on a 
molar basis and make any conclusions about the effects of dye molecular 
structure on adsorption, the purities of the dyes had to be determined. 
When pure samples of Acid Blue 25 and Acid Blue 145 were obtained ac-
cording to the procedures in Appendix C, absorbance-concentration cali-
bration curves were obtained and compared to the calibration curves of 
the impure dyes in order to arrive at the purity of the dyes. 
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CHAPTER IV 
DISCUSSION OF THE RESULTS 
Calibration Curves 
The experiments on the absorbance-concentration relationship for 
the dyes in various solutions yielded curves which showed a linear de-
pendence of absorbance on concentration, in agreement with Beer's Law. 
The calibration curves for pure and impure Acid Blue 25 and pure and 
impure Acid Blue 145 are found in Figure 2. Calibration tests run with 
the two impure acid dyes in water solution in the presence of the vari-
ous added chemicals described in the previous chapter showed that linear 
relations held for all solutions and that calibration curves of solutions 
with added chemicals matched well the curves of the impure dyes in water 
without added chemicals. 
Calibration curves of the three impure dyes in 75/25 methanol/ 
water are shown in Figure 3. The two acid dyes show excellent linear 
relations between absorbance and concentration. The impure Disperse 
Blue 9 calibration data gives a reasonable approximation to a linear 
relation between absorbance and concentration. 
The wavelengths of the absorbance maxima and the calculated spe-
cific absorbances (1.0 g/1) are given in Table 1. 
Determination of Dye Purities 
After samples of purified Acid Blue 25 and Acid Blue 145 were ob-
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in distilled water were completed, it was a simple matter to compare 
calibration curves for pure and impure dyes and determine the degree of 
purity of the commercial dyes. The ratio of the concentration (g/1) 
of the pure dye to that of the commercial dye at any given absorbance 
value would yield the purity. The Acid Blue 25 was found to be 53 per-
cent pure and the Acid Blue 145 was found to be 58 percent pure. 
Attempts to purify Disperse Blue 9 were not successful. The 
difficulty was thought to arise from the presence of a dispersing agent 
in the commercial dye which was very difficult to separate from the dye 
itself. Both of the attempted methods of purification outlined in 
Appendix B apparently failed because when attempts were made to dissolve 
the product of the procedures in 75/25 methanol/water, portions of this 
product were found to be insoluble even in hot solvent. Methanol/water 
is known to be a good solvent for disperse dyes, and so, there must 
have been something other than disperse dye in the products of the puri-
fication procedures. Perhaps this insoluble matter was the dispersing 
agent which may have been modified in the purification treatments. 
An estimate of the purity of Disperse Blue 9 was made in a manner 
which did not involve actual purification of the dye. It was assumed 
that since the three dyes were of such similar molecular structures, 
their molar extinction coefficients would be of similar magnitude. 
Keeping this assumption in mind and knowing the purities of the acid 
dyes, an estimate of the purity of the disperse dye was made using the 
calibration curves of all three dyes in 75/25 methanol/water and the 
molecular weights of the dyes. Molar extinction coefficients for both 
acid dyes in 75/25 methanol/water were calculated from points on the 
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calibration curves of the dyes in alcohol/water, using molecular weights 
and known purities of the dyes. The calculated molar extinction coef-
ficients in 75/25 methanol/water for Acid Blue 25 and Acid Blue 145 
were found to be 14.6 x 10 and 13.1 x 10^ absorbance units per mole 
per liter respectively. The average of these was used as the extinction 
coefficient for Disperse Blue 9. A point on the calibration curve of 
Disperse Blue 9 in alcohol/water was chosen and the absorbance and con-
centration at this point along with the calculated molar extinction co-
efficient and molecular weight of Disperse Blue 9 were used to calculate 
the approximate purity of the dye from the following equation, 
Cp-X 
Ap is the absorbance at the chosen point and C is the corresponding 
concentration. M is the molecular weight, Em the extinction coeffi-
cient, and X is the purity. The result was a calculated approximate 
purity of 23 percent. 
Rate Studies 
The amounts of impure Acid Blue 25 adsorbed from water for 
various times of contact with carbon are plotted in Figure 4 for exper-
iments at 25 C and 50°C. Curves at both temperatures show a rapid 
initial increase in amounts adsorbed with time. After 25 hours the 
curves begin to level off, but at least in the case of the 25°C experi-
ment, adsorption continues slowly after even 75 hours. The fifty hour 
points on both curves are past the initial steep portions of the curves 






Figure 4. Adsorption-Time Curves for Impure Acid Blue 2 
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contact time for solutions of Acid Blue 25 in water. Although the sys-
tem is not truly at equilibrium, the rate of adsorption after 50 hours 
is so slow that conditions at 50 hours may be fairly good indications 
of conditions at true equilibrium. This fifty hour contact time was 
applied to all solutions containing Acid Blue 25; however, it must be 
remembered that 50 hours does not represent the time to achieve equilib-
rium, and that rate effects must be considered in comparing adsorption 
isotherms of Acid Blue 25 from different types of solutions. 
The higher adsorptions at the higher temperature probably indi-
cate an increased rate of adsorption at the higher temperature, since 
the difference between the elevations of the two curves at particular 
times generally decreases slowly with time. Figure 40 (Appendix D) 
shows reciprocal adsorption-time plots which converge to approximately 
the same point, indicating that the increased temperature changes the 
rate of adsorption but does not greatly alter the equilibrium state. 
Figure 5 shows the adsorption of impure Acid Blue 145 from water 
at various times at temperatures of 25 C and 50 C. The curve shapes 
are similar to those for Acid Blue 25. The rapid initial adsorption 
is followed by a gradual increase in adsorption after 25 hours. The 
adsorbed amounts are greater at all times at the higher temperature but 
the magnitude of difference generally decreases with time. This prob-
ably reflects a higher rate of adsorption at the higher temperature. 
The reciprocal plots in Figure 41 (Appendix D) converge to approximately 
the same intercept, and indicate that the temperature change does not 
appreciably alter equilibrium conditions. 
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imation to equilibrium conditions for Acid Blue 145 solutions due to 
the position of the fifty hours adsorption point on the gradually in-
creasing portion of the curve. 
Figure 6 shows the results obtained for the adsorption of 
Disperse Blue 9 from water at 25 C at various times. It appears that 
adsorption occurred rapidly under 20 hours and then leveled off after 
20 hours to a gradual increase with time. Fifty hours was chosen as an 
acceptable contact time to achieve conditions approximate to equilib-
rium. The Disperse Blue 9 in water formed a dispersion rather than a 
true solution of the dye, and the problem of precipitation of the dye 
from the liquid may have been a source of error in the results obtained. 
The Disperse Blue 9 was adsorbed to a much lesser extent than the acid 
dyes. 
Figure 7 includes an adsorption-time curve for impure Disperse 
Blue 9 in 75/25 methanol/water at 25 C and one at 50 C. The major share 
of the adsorption takes place very quickly and the curves level off to 
an extremely gradual increase in adsorption with time at about ten 
hours. Twenty-five hours was chosen as the contact time with carbon for 
solutions of Disperse Blue 9 in 75/25 methanol/water. 
The higher temperature has the effect of increasing the amount 
of adsorption of Disperse Blue 9 at a particular time after the first 
five hours passed. The magnitude of the difference between adsorbed 
amounts at a particular time for curves at the two temperatures was 
seen to increase slightly with time, indicating possible higher equi-
librium adsorption of the dye at the higher temperature. Figure 43 
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atures which are nearly parallel with different intercepts, indicating 
a higher equilibrium adsorption at the higher temperature. 
The adsorption of Disperse Blue 9 from methanol/water was much 
greater than that from water. 
The contact times chosen for all Acid Blue 25 solutions, all Acid 
Blue 145 solutions, the Disperse Blue 9 in water, and the Disperse Blue 
9 in alcohol/water are not times which yield actual equilibrium condi-
tions, but from the shapes of the adsorption time curves, it was felt 
that the selected times would yield conditions reflecting those at equi-
librium. The equilibrium adsorptions for all four systems were esti-
mated from reciprocal plots of adsorption versus time (Appendix D). 
Comparisons of estimated equilibrium adsorptions to the adsorptions at 
the selected contact times are given in Table 2. 
Isotherms 
All data on isotherms is presented graphically in the text. Both 
arithmetic and full logarithmic plots of the amount of dye adsorbed per 
gram of carbon versus the final concentration of dye in solution are 
given. 
Variation in Dye Molecular Structure 
Figure 8 shows adsorption isotherms for all three dyes in dis-
tilled water at 25 C. Results are expressed as molar quantities 
(millimoles) obtained by taking the dye purities into consideration. 
Figure 9 is a full logarithmic plot of the data. 
The adsorption of impure Acid Blue 25 and Acid Blue 145 appear 
to be almost the same with possibly slightly greater adsorption of the 
Acid Blue 25 at higher concentration of dye in solution. The adsorp-
Table 2. Comparison of Estimated Equilibrium Adsorptions to Adso 
at Selected Contact Times 
Dye 
Impure Acid Blue 25 
Impure Acid Blue 25 
Impure Acid Blue 145 
Impure Acid Blue 145 
Impure Disperse Blue 9 
Impure Disperse Blue 9 
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tion of impure Disperse Blue 9 is seen to be considerably lower than 
that of either acid dye. 
A possible explanation of the low adsorption of disperse dye is 
that the dye is not truly in solution. Aggregates of dye molecules are 
suspended in the water by a dispersing agent present in the commercial 
dye. The pore sizes in the carbon prevent extensive adsorption of 
these aggregates and possibly only the small amounts of dye molecules 
which actually go into water solution are adsorbed along with some of 
the smaller dye aggregates. The lack of dye solubility in water and 
the presence of the dispersing agent hamper the evaluation of the ad-
sorption of the disperse dye molecules from water. 
The impurities present in the acid dyes have an effect on the 
adsorption of the dye molecules from water. Figures 10, 11, 12, and 13 
illustrate the effects of these impurities. Pure Acid Blue 25 was ad-
sorbed to a greater extent than the impure dye, particularly at the 
lesser concentrations of dye. Pure Acid Blue 145 appears to be ad-
sorbed to a greater extent at low concentrations and to a lesser extent 
at higher concentrations in solution than impure Acid Blue 145. 
The presence of impurities in the commercial dyes hamper the 
evaluation of the effect of dye structure on adsorption of the dyes 
from water. After consideration of the effects of the impurities evi-
denced in Figures 10, 11, 12, and 13, it might be conjectured that the 
monosulfonated Acid Blue 25 would be adsorbed to a greater extent than 
the disulfonated Acid Blue 145, if the effects of the dye impurities 
were removed. 
Figures 14 and 15 compare the isotherms of Acid Blue 25 and Acid 
41 
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Blue 145 in water at 50 C. The results are similar to those at 25 C. 
The dyes are adsorbed in similar amounts with the Acid Blue 145 ad-
sorbed to a slightly lesser extent than the Acid Blue 25 at the higher 
concentrations and to a slightly greater extent at the lower concen-
trations. Again, the effects of impurities cloud the interpretation 
of results but it might be surmised that the monosulfonated Acid Blue 
25 would be adsorbed more than the disulfonated Acid Blue 145, if impu-
rity effects were removed, since the results with impurity effects show 
such similar degrees of adsorption. 
Isotherms established from three points for pure Acid Blue 25 
and pure Acid Blue 145 solutions in water at 25 C were compared in 
Figures 16 and 17. These isotherms give the best evidence for the 
effect of dye structure on adsorption. The additional sulfonic acid 
group on the Acid Blue 145 apparently causes the adsorption of the 
disulfonated dye to be less than that of monosulfonated Acid Blue 25. 
The effect of the additional sulfonic acid group, as explained by 
Hassler (17), may be attributed to possible increased solubility in 
water which the additional ionizable group might confer on Acid Blue 
145. The effect of the additional methyl group on Acid Blue 145 is not 
thought to contribute much to the difference in adsorption, since it is 
much less chemically active than the sulfonic acid group. 
Figures 18 and 19 are comparisons of the adsorption isotherms of 
all three impure dyes from 75/25 methanol/water at 25°C. Acid Blue 25 
was adsorbed to the greatest extent with the difference between its ad-
sorption and that of the other two dyes decreasing with increased con-
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that Acid Blue 145 was adsorbed to a greater extent than the disperse 
dye at lower concentrations and the reverse was true at higher concen-
trations. The disperse dye was adsorbed to a much greater extent in 
this solvent than in water because more dye molecules were actually in 
solution and capable of entering the pore structure of the carbon. 
In the alcohol/water solution in the concentration ranges exam-
ined it appears that the monosulfonated dye was absorbed to the greatest 
extent with the disulfonated and non-sulfonated dyes adsorbed to about 
the same extent but markedly less than Acid Blue 25. The effects of 
impurities in the commercial dyes again cloud the picture. 
Temperature Effects 
Comparisons of isotherms at 25 C and 50 C showed the effects of 
an elevation in temperature on adsorption. 
Figures 20 and 21 show the effects of an elevation in temperature 
on the adsorption of impure Disperse Blue 9 from 75/25 methanol/water. 
The adsorption at the higher temperature was consistently more complete, 
but the effect was greater at the low concentrations than at the higher 
concentrations. 
The results with Acid Blue 25 and Acid Blue 145 are similar 
(Figures 22, 23, 24, and 25). The elevated temperature increases the 
extent of adsorption from water consistently at all concentrations of 
dye in solution. 
o 
The reciprocal plots of the adsorption-time curves at 25 C and 
50 C for the acid dyes in water and the Disperse Blue 9 in 75/25 
methanol/water (Figures 40, 41, and 43) are helpful in explaining the 
greater adsorptions at the higher temperature. The increased adsorption 
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of both acid dyes is the result of an increased adsorption rate at 50 C, 
since Figures 40 and 41 show curves for the two temperatures converging 
at approximately the same equilibrium values. The increased adsorption 
o 
of the Disperse Blue 9 at 50 C may be attributed, at least partially, 
to a greater equilibrium adsorption at 50 C, since reciprocal curves at 
the two temperatures (Figure 43) are nearly parallel and do not converge 
at the same equilibrium adsorption value. 
pH Effects 
The pH values for the dye solutions used in the evaluation of pH 
variation on adsorption varied slightly with the concentration of dye 
in solution. pH values given are averages for the dye solutions prior 
to the addition of carbon. None of the samples varied in pH by more 
than two tenths of a pH unit from the average for all concentrations 
of dye. Often, the deviations from the average were less than this. 
The three types of solutions of Acid Blue 25 had average pH values of 
1.9, 6.6, and 10.3. The values for Acid Blue 145 solutions were 2.1, 
6.8, and 10.6. 
The data for Acid Blue 25 shown in Figures 26 and 27 show that 
as the pH is lowered, the adsorption at equilibrium increases. The 
differences between the neutral and basic pH curves begin to narrow at 
lower concentrations and at a low concentration in solution the adsorp-
tion for the basic pH appears to exceed that at the neutral pH. 
The data for Acid Blue 145, found in Figures 28 and 29 is 
similar to that for Acid Blue 25, although the differences do not seem 
to be as pronounced. The isotherms show increased adsorption as pH is 
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appears to narrow somewhat at higher dye concentrations. 
The results in these pH variation experiments are consistent 
with the results of Grollman (14) and Yajnik (12) who worked on the 
relation between pH and the adsorption of dyes containing sulfonic acid 
groups in their molecular structure. As the pH is decreased the amount 
of the un-ionized form of the dye is increased and dye molecules can be 
adsorbed on the carbon without a build up of negative charge, as men-
tioned by Hassler (17) . Another factor which may be contributing to 
the increase adsorption at low pH is the cancelling of negative charge 
on the carbon surface by higher concentrations of hydrogen ions as 
noted by Porter (24). The decreased pH also affects the solute-solvent 
affinity by reducing the amount of the ionized form of the dye, there-
by reducing the solubility of the dye in water and enhancing the ad-
sorption. 
Electrolyte Effects 
The results for tests with Acid Blue 25 at high sodium sulfate 
concentration are not considered because the solubility of the dye was 
so greatly reduced by this high salt concentration that it is impos-
sible to assess how much dye was adsorbed on carbon and how much just 
precipitated from solution. 
Figures 30 and 31 are comparisons of the isotherms of impure 
Acid Blue 145 and Acid Blue 145 with 5.0 g/1 added sodium sulfate in 
water at 25 C. The presence of the high concentration of salt in-
creases the degree of adsorption with the effect apparently greater at 
lower concentrations of dye in solution. It is possible that the elec-
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Figure 31. Isotherms for Impure Acid Blue 145 in Water with and without 
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anionic dye is adsorbed, as predicted by Porter (24). Also, the high 
salt concentration probably reduces the solubility of the dye and 
improves the adsorption by this reduction of solute-solvent affinity. 
Surfactant Effect 
The spectrum of the 100 g/1 solution of impure Igepon T showed 
absorbance values of 0.196 at 675 nm and 0.272 at 602 nm which is the 
wavelength of the maximum peak for Acid Blue 145. Since the concen-
tration of the Igepon T in experiments with Acid Blue 145 did not 
exceed 7.5 percent of the concentration of the surfactant solution 
analyzed, and since the dye solutions were diluted a minimum of 25 
times before analysis, the contribution of the surfactant to the ab-
sorbance values of dye solutions was considered negligible. The stan-
dard correction for background was applied to the solutions, and this 
would eliminate small contributions of the surfactant to absorbance 
values. 
Figures 32 and 33 illustrate the effect of the presence of 
Igepon T on adsorption of impure Acid Blue 145. The addition of 1.0 g/1 
of the active ingredient of Igepon T reduces the amount of adsorption 
of dye. The addition of a second gram per liter of surfactant further 
reduced the adsorption of dye but to a lesser extent than the first. 
The effects seem to be greatest at low dye concentrations in solution. 
The surfactant is probably adsorbed on the carbon and competes 
with dye molecules for positions on the carbon surfaces. Since Igepon 
T is an anionic surfactant, accumulation of surfactant on the carbon 
could give the carbon a more negative charge and inhibit the approach 
of the anionic dye molecules. 
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Figure 33. Isotherms for Impure Acid Blue 145 in Water with Varying 
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The effects observed are attributed to the surfactant and not 
to impurities in the surfactant. The impurities in the surfactant are 
probably inorganic salts and the effect of one inorganic salt, sodium 
sulfate, has already been shown to slightly increase the adsorption of 
Acid Blue 145, rather than decrease it as in this experiment with sur-
factant. 
Solvent Effects 
Figures 34 and 35 compare isotherms for impure Disperse Blue 9 
at 25 C from water and from 75/25 methanol/water. The adsorption from 
the alcohol/water solution is much greater due to the greater number of 
molecules actually in solution in the alcohol/water rather than in 
dispersion as in the water. 
The adsorption of impure Acid Blue 25 from the two types of sol-
o 
vents at 25 C is compared in Figures 36 and 37. The isotherms are 
closely similar with the adsorption from water slightly less than that 
from 75/25 methanol/water. 
Figures 38 and 39 show the isotherms for the adsorption of im-
pure Acid Blue 145 from the two solvents. Adsorption is better from 
water with the difference decreasing at higher concentrations of dye in 
solution. 
The effects of the different solvents on the adsorption of the 
acid dyes can probably be explained on the basis of differing solubil-
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The introduction of a second sulfonic acid group onto a monosul-
fonated dye with an anthraquinone based structure results in decreased 
adsorption of the dye from water. 
Variations in temperature, pH, electrolyte content and surfactant 
content of water solutions of anthraquinone based dyes affect the ad-
sorption of dye by activated carbon. An increase in temperature in-
creases the rate of adsorption of sulfonated anthraquinone dyes from 
water and increases the equilibrium adsorption of a non-sulfonated dye 
from a solution of methanol and water. A decrease in pH results in 
greater equilibrium adsorption of anthraquinone dyes containing sul-
fonic acid groups from water due to a reduction in ionization of the 
acid groups and a resultant reduction in solubility, or a neutralizing 
of negative charge on the carbon. The presence of a large concentration 
of sodium sulfate shifts the equilibrium state toward more adsorption on 
carbon for a sulfonated anthraquinone dye. The presence of an anionic 
surfactant greatly decreases the adsorption of a sulfonated anthra-
quinone dye from water. 
When the character of solvents is changed, adsorption of anthra-
quinone dyes by carbon is changed to a degree depending on the partic-




When attempting to evaluate the effects of the molecular struc-
ture of a substance on its adsorption, more clear-cut results are ob-
tained when purified specimens of the substance to be adsorbed are used. 
Impurities alter the adsorption of the substance under investigation, 
as evidenced in this work, and make assessment of structural effects 
more difficult. 
Accurate data on the equilibrium conditions for an activated 
carbon adsorption system is valuable information for use in evaluating 
the effects of variable conditions on adsorption. Equilibrium condi-
tions were not fully achieved in this work. Procedures which allow the 
establishment of true equilibrium conditions in a reasonable time would 
permit a more accurate assessment of effects of varying conditions on 
equilibrium states without the need to consider rate effects. The use 
of pulverized carbon gives information on true equilibrium conditions, 
if equipment for filtration of the small carbon particles from solution 
is available. 
Examination of adsorption by activated carbon of anthraquinone 
dyes with chemically active groups other than sulfonic acid groups, and 
of dyes of other basic structural types under the varying conditions 
found in textile dyehouse wastewaters would contribute to the store of 
knowledge about removal of these wastes from solution, and would be of 
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value to those concerned with the development of waste treatment pro-




Table 3. Properties of Nuchar WV-L Granular 
Activated Carbon* 
Property or Specification Value 
Apparent Density (lb./cubic foot) 
Surface Area (Nitrogen BET Method) (m2/g) 
Particle Density, Wetted in Water (g/cc) 
Effective Size (mm) 
Uniformity Coefficient 
Particle Size (U. S. Sieve Series) 
Oversize (percent) Maximum 
Undersize (percent) Maximum 
Molasses Decolorizing Index, Minimum 
Iodine Number, Minimum 
Abrasion Number, Minimum 
Moisture When Packed (percent), Maximum 


















CORRECTION OF ERRORS IN ABSORBANCE VALUES 
DUE TO CARBON CONTRIBUTION 
Early attempts at correction of absorbance values for carbon con-
tribution consisted of running blank solutions with carbon under the 
same conditions and for the same times as dye solutions. These blank 
solutions consisted of the solvent in which the dyes were dissolved. 
Blank solutions of distilled water and 75/25 methanol water were con-
tacted with carbon with agitation in the constant temperature bath for 
various times at 25°C and 50°C. The blank solutions were filtered and 
examined spectrophotometrically in the same manner as the dye solution. 
The results showed negligible absorbance for these solutions and this 
method of evaluating the contribution of carbon to the absorbance 
values was abandoned. 
The method of correction which was finally adopted involved the 
comparison of adsorption spectra for dye solutions which had been in 
contact with carbon to spectra of the same types of dye solutions 
which had not been in contact with carbon. The assumption was made 
and later substantiated that the contribution of carbon to the ab-
sorbance spectrum was relatively constant from 700 to 600 nm. This is 
the region in which the maximum peaks for all the dyes in all solutions 
were located. The substantiation came when a dilute solution (0.25 
g/1) of Acid Blue 145 was run with one gram of carbon for 50 hours at 
25 C. No blue color was visible in the filtered solution, and there 
was no peak at the expected wavelength when the absorbance spectrum 
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was run. The lack of blue color and lack of a peak indicated that 
practically all of the dye had been absorbed. The absorbance value 
between 700 and 600 nm was constant and was not zero as would have been 
expected if nothing were present in the solution. The absorbance in 
this region was almost one-tenth of an absorbance unit. This absorb-
ance was attributed to the presence of something from the carbon. 
Since the contribution by carbon to the absorbance values was 
assured to be constant between 600 and 700 nm, the amount of error in 
absorbance due to carbon could be mathematically accounted for by com-
parison of absorbance spectra of dye solutions contacted with carbon 
and those which were not. The spectra obtained in the calibration 
curve experiments were examined and ratios of the absorbance at the 
maximum peak to the absorbance at 675 nm were obtained. These ratios 
were seen to be equal or to vary slightly from concentration to concen-
tration for each dye solution considered. The ratios of maximum ab-
sorbance to absorbance at 675 nm for many of the dye solutions contac-
ted with carbon were found to be considerably lower than the ratios for 
the respective calibration spectra. This was particularly true for the 
Disperse Blue 9 solutions in 75/25 methanol/water and other solutions 
which had been diluted less than 10 times before analysis on the 
spectrophotometer. 
It was thought that if a constant amount of absorbance contri-
buted by carbon were subtracted from the maximum absorbance and the 
absorbance at 675 nm for the dye solution which had been in contact with 
carbon, then the ratio of the two remainders would give a value close 
to that of the ratios obtained from the calibration spectra of the 
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particular dye and solution under consideration, 
^lax ~ x 
A675 * X 
" Rcal. 
Amax is the maximum peak absorbance, and A675 is the absorbance at 675 
nm for the carbon contacted solution. X is the amount of carbon con-
tribution to the absorbance. R ., is the ratio of maximum absorbance 
cal. 
and absorbance at 675 nm for the dye solution without contact with 
carbon. Rearrangement of the equation gives the following: 
X = (Rcal.) A675 - Amax 
(Rcal."l) 
This equation was used to calculate the contribution of carbon to the 
absorbance values of dye solutions after contact of the solutions with 
carbon. This quantity X was subtracted from the maximum absorbance to 
give the corrected value which was then located on the proper absorbance-




PROCEDURES FOR THE PURIFICATION OF DYES 
Acid Blue 25 
Approximately 20 grams of the commercial dye was dissolved in a 
minimum amount of N,N-dimethylformamide (approximately 50 ml.). The 
solution was filtered while hot and a whitish residue containing some 
blue dye was removed from the solution. The filtered solution was 
poured into a mixture of 100 ml. of pentane and 70 ml. of xylene. After 
cooling in ice for about 24 hours the solution was filtered. The dye 
captured on the filter was washed in pentane and then allowed to dry. 
Acid Blue 145 
A sample of commercial Acid Blue 145 was extracted with N,N-
Dimethylformamide in a soxhlet for about two days. The solution of the 
dye in dimethylformamide was then evaporated to dryness and the purified 
dye recovered. 
Disperse Blue 9 
Two procedures were used in an attempt to purify the Disperse 
Blue 9. In both procedures the dye was extracted in hot benzene. In 
one procedure the dye-benzene solution was evaporated to dryness to 
recover the dye. In the other procedure ethanol and water were added 
to the dye-benzene solution and an azeotrope of benzene, water and 
ethanol was distilled off, leaving a solution of the dye in ethanol. 
The dye solution was cooled and time was allowed for the recrystalli-
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Figure 43. Reciprocal Plot of Adsorption-Time Curves for Impure Di 
in 75/25 Methanol/Water 
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